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(54) Precious metal catalyst supported on a silicate; its use for selective oxidation of carbon 
monoxide and for hydrogen refining 



(57) Disclosed is a selective carbon monoxide oxi- 
dizing catalyst capable of selectively oxidizing CO con- 
tained in a gaseous mixture containing H 2 , CO and an 
oxidizing agent of 0 2 , comprising a carrier and an active 
metal (2) consisting of at least one kind of metal 
selected from the group consisting of Pt, Pd, Ru, Rh and 
Ir and supported on the carrier, the carrier being a crys- 
talline silicate (1) having the highest to the fifth highest 
peaks in the powder X-ray diffraction using CuKa ray in 
the lattice spacing of 3.65±0.lA, 3.75±0.lA, 3.85±0.1 A 
10.010.3A, and 1 1.2±0.3A, and having the composition 
represented by formula (1) under a dehydrated state: 



(1±0.8)R 2 O • [aM 2 0 3 • bNO • cA^OJ • ySi0 2 (1) 

where R denotes at least one element selected 
from the group consisting of an alkali metal and H, 
M denotes at least one element selected from the 
group consisting of VIII group elements, rare earth 
elements, Ti, V, Cr, Nb, Sb and Ga, N denotes at 
least one element selected from the group consist- 
ing of Mg, Ca, Sr, and Ba, and the molar ratios a, b, 
c and y are: 0 s a, 0 s b < 20, a+c=t , and 11 sy 
s 3000. 
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Description 

[0001] The present invention relates to a catalyst for selective oxidation of carbon monoxide, a selective removing 
method of carbon monoxide, a hydrogen refining catalyst for selectively oxidizing CO and CH 3 OH of a gaseous mixture 
5 containing H 2 , CH 3 OH, CO and 0 2 and a hydrogen refining method for removing CO and CH 3 OH from a gaseous mix- 
ture containing H 2 , CH 3 0H and CO. 

[0002] A polymer electrolyte fuel cell permits suppressing generation of a pollutant causing an air pollution, is high 
in its heat efficiency and, thus, is expected to be used widely as a low temperature operation type fuel cell in a motor 
car power source, a dispersed power source or the like. A platinum catalyst is used mainly in the electrode of the poly- 
w mer electrolyte fuel cell. Since the platinum catalyst tends to be poisoned by carbon monoxide (CO), it is necessary 
remove CO from the fuel gas as much as possible. The fuel gas is manufactured by, for example, reforming the fuel 
such as methanol by means of steam reforming reaction or a partial oxidation reaction so as to produce a hydrogen 
gas. Then, CO formed as a by-product in the hydrogen manufacturing reaction is removed by a CO shift reaction of 

15 CO + H 2 0 -> C0 2 + H 2 . 

[0003] The removal of CO by the CO shift reaction is limited under the restriction in terms of the chemical equilib- 
rium. For example, where a hydrogen gas is manufactured from methanol, followed by applying the CO shift reaction to 
the hydrogen-containing reaction mixture, the resultant gaseous composition contains about 40 to 60% of H 2 , about 
20 10% of C0 2 , about 20% of H 2 0, and about 0.5% of CO. It should be noted that, in order to prevent the polymer elec- 
trolyte fuel cell from being poisoned by CO, it is necessary to lower the CO concentration to 100 ppm or lower Such 
being the situation, it is necessary to take measures for further lowering the CO concentration in combination with the 
CO shift reaction. 

[0004] As a measure for removing CO contained in the hydrogen-based raw material gas, studied is a method in 
25 which an oxidizing agent of 0 2 is added to the raw material gas and is brought into contact with the raw material gas so 
as to selectively oxidize CO contained in the raw material gas. 

[0005] In the conventional catalyst, however, almost all the oxygen gas added to the raw material gas reacts with 
hydrogen, which is the main constituent of the raw material gas, so as to preferentially burn the hydrogen. As a result, 
CO is left unremoved from the raw material gas. 

30 [0006] On the other hand, Japanese Patent Disclosure (Kokai) No. 6-296870 as claimed discloses a catalyst for 
cleaning the waste gas. It is taught that the catalyst consists of at least one metal selected from the platinum group ele- 
ments, which is supported on a crystalline silicate having an X-ray diffraction pattern shown in Table A given in this prior 
art and represented in terms of the molar ratio of the oxide in a dehydrated state by a chemical formula (1±0.8)R 2 O • 
[aM 2 0 3 • blvl'O • cAI 2 0 3 ] • ySi0 2 , where R denotes an alkali metal ion and/or hydrogen ion, M denotes an ion of at 

35 least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, Nb, Sb and 
Ga, M' denotes an ion of alkaline earth metals of Mg, Ca, Sr, Ba, 0 < a, 0 ^ b < 20, a+c=1 , and 11 < y < 3000. 
[0007] This prior art also teaches in columns [0008] to [0009] that the particular waste gas cleaning catalyst permits 
cleaning the waste gas containing NO x , CO and HC in accordance with reaction formulas (1) to (4) given below: 

40 C 3 H 6 + 3/20 2 -» 3CH 2 0 (1) 

CH 2 0 + 0 2 -> C0 2 + H 2 0 (2) 

CH 2 0 + 2NO > N 2 + C0 2 + H 2 0 (3) 

45 

CO + 1/20 2 ^C0 2 (4) 

[0008] Reaction (1 ) given above represents activation of HC, reaction (2) represents combustion of HC, reaction (3) 
represents a demtrification, and reaction (4) represents combustion of CO. 
so [0009] An object of the present invention is to provide a catalyst for selectively oxidizing carbon monoxide, the cat- 
alyst being capable of selectively oxidizing CO contained in a gaseous mixture containing H 2 , CO and an oxidizing 
agent of 0 2 . 

[0010] Another object is to provide a selective carbon monoxide removing method that permits selectively removing 
CO from a gaseous mixture containing H 2 and CO. 
55 [0011] Another object is to provide a hydrogen refining catalyst capable of selectively oxidizing CO and CH 3 OH 
contained in a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 with a high selective oxidizing 
capability. 

[0012] Still another object is to provide a hydrogen refining method capable of selectively oxidizing and removing 
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CO and CH 3 OH contained in a gaseous mixture containing H 2 , CO and CH 3 OH with a high removal rate. 
[0013] According to a first aspect of the present invention, there is provided a selective carbon monoxide oxidizing 
catalyst capable of selectively oxidizing CO contained in a gaseous mixture containing H 2 , CO and an oxidizing agent 
of 0 2 , comprising a carrier and an active metal consisting of at least one kind of metal selected from the group consist- 
5 ing of Pt, Pd, Ru, Rh and Ir and supported on the carrier, the carrier being a crystalline silicate having the highest to the 
fifth highest peaks in the powder X-ray diffraction using CuKa ray in the lattice spacing of 3.65r0.lA, 3.75±0.lA, 
3.85+0.1 A, 10.010.3A, and 11.210.3A, and having the composition represented by formula (1) under a dehydrated 
state: 

10 (1=0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes at 
least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, (Mb, Sb 
and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and the molar 
75 ratios a, b, c and y are: 0 s a, 0 £ b £ 20, a+c=1 , and 1 1 s y s 3000. 

[001 4] According to a second aspect of the present invention, there is provided a selective removing method of car- 
bon monoxide, comprising the step of bringing a gaseous mixture containing H 2 , CO and an oxidizing agent of 0 2 into 
contact with a selective oxidizing catalyst of carbon monoxide for selectively oxidizing and removing CO from the gas- 
20 eous mixture, the selective oxidizing catalyst of carbon monoxide comprising a carrier and an active metal consisting of 
at least one kind of metal selected from the group consisting of Pt, Pd, Ru, Rh and Ir and supported on the carrier, the 
carrier being a crystalline silicate having the highest to the fifth highest peaks in the powder X-ray diffraction using CuKct 
ray in the lattice spacing of 3.65±0.lA, 3.75+0.1 A, 3.85±0.lA, 10.0±0.3A, and 11.210.3A, and having the composition 
represented by formula (1) under a dehydrated state: 

25 

(1±0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes at 
least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, Nb, Sb 
30 and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and the molar 
ratios a, b, c and y are: 0 ^ a, 0 s b s 20, a+c=1 , and 11 sys 3000. 

[0015] According to a third aspect of the present invention, there is provided a selective removing method of carbon 
monoxide, comprising the steps of: 

35 

preparing a reactor loaded with a catalyst bed housing a selective carbon monoxide oxidizing catalyst; and 
passing a gaseous mixture containing H 2 , CO and an oxidizing agent of 0 2 through the reactor so as to selectively 
oxidize CO and, thus, remove CO from the 
gaseous mixture, wherein: 

40 the inlet temperature of the catalyst bed is set at 50 to 250°C; and 

the selective carbon monoxide oxidizing catalyst comprises a carrier and an active metal consisting of at least one 
kind of metal selected from the group consisting of Pt, Pd, Ru, Rh and Ir and supported on the carrier, the carrier 
being a crystalline silicate having the highest to the fifth highest peaks in the powder X-ray diffraction using CuKa 
ray in the lattice spacing of 3.65±0.1 A, 3.75±0.lA, 3 85+0.1 A, 10.0±0.3A, and 1 1.2±0.3A, and having thecomposi- 

45 tion represented by formula (1) under a dehydrated state: 

(1r0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes at 
so least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, Nb, Sb 
and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and the molar 
ratios a, b, c and y are: 0 i a, 0 i b s 20, a+c=1 , and 11 sys 3000. 

[0016] According to a fourth aspect of the present invention, there is provided a hydrogen refining catalyst for selec- 
55 tively oxidizing CO and CH 3 OH contained in a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 
0 2 , the catalyst comprising a carrier and an active spectes supported on the carrier, the carrier being a crystalline sili- 
cate having the highest to the fifth highest peaks in the powder X-ray diffraction using CuKa ray in the lattice spacing of 
3.6510.1 A, 3.75±0.lA, 3.8510.1 A, 10.0^O.3A, and 11.210.3A, and having the composition represented by formula (1) 
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under a dehydrated state: 

(1±0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

5 where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes at 

least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, Nb, Sb 
and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and the molar 
ratios a, b, c and y are: 0 s a, 0 s b s 20, a+c=t , and 11 sys 3000, 

10 [0017] According to a fifth aspect of the present invention, there is provided a hydrogen refining catalyst for selec- 
tively oxidizing CO and CH 3 OH contained in a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 
0 ? , comprising a carrier consisting of a silicate and an active species consisting of Pd and supported on the carrier. 
[0018] According to a sixth aspect of the present invention, there is provided a hydrogen refining method, compris- 
ing the step of bringing a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 into contact with a 

15 hydrogen refining catalyst so as to selectively oxidize and remove CO and CH 3 OH from the gaseous mixture, the hydro- 
gen refining catalyst comprising a carrier and an active species supported on the carrier, the carrier being a crystalline 
silicate having the highest to the fifth highest peaks in the powder X-ray diffraction using CuKot ray in the lattice spacing 
of 3.65+0.1 A, 3.75+0. 1A, 3.85+0.1 A, 10.010.3A, and 11.210.3A, and having the composition represented by formula 
(1 ) under a dehydrated state: 

20 

(1±0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes at 
least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, Nb, Sb 
25 and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and the molar 
ratios a, b, c and y are: 0 s a, 0 s b s 20, a+c=1 , and 1 1 ^ y ^ 3000 

[0019] According to a seventh aspect of the present invention, there is provided a hydrogen refining method, com- 
prising the steps of: 

30 

preparing a reactor loaded with a catalyst bed housing a hydrogen refining catalyst; and 

passing a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 through the reactor so as to 

selectively oxidize CO and CH 3 OH, thus, remove CO and CH 3 OH from the gaseous mixture, 

wherein: 

35 the inlet temperature of the catalyst bed is set at 50 to 250°C; and 

the hydrogen refining catalyst comprises a carrier and an active species supported on the carrier, the carrier being 
a crystalline silicate having the highest to the fifth highest peaks in the powder X-ray diffraction using CuKct ray in 
the lattice spacing of 3.65+0.1 A, 3.75+0.1 A, 3.85±0.lA, 10.010.3A, and 11.210.3A, and having the composition 
represented by formula (1) under a dehydrated state: 

40 

(1+0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes at 
least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, Nb, Sb 
45 and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and the molar 
ratios a, b, c and y are: 0 s a, 0 ^ b s 20, a+c=1 , and 11 sys 3000. 

[0020] According to an eighth aspect of the present invention, there is provided a hydrogen refining method, com- 
prising the step of bringing a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 into contact with 
so a hydrogen refining catalyst so as to selectively oxidize CO and CH 3 OH, thus, remove CO and CH 3 OH from the gase- 
ous mixture, 

wherein the hydrogen refining catalyst comprises a carrier consisting of a silicate and an active species consisting 
of Pd and supported on the carrier. 

55 

[0021] Further, according to a ninth aspect of the present invention, there is provided a hydrogen refining method, 
comprising the steps of: 
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preparing a reactor loaded with a catalyst bed housing a hydrogen refining catalyst; and 

passing a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 through the reactor so as to 

selectively oxidize CO and CH 3 OH, thus, remove CO and CH 3 OH from the gaseous mixture, 

wherein 

5 the inlet temperature of the catalyst bed is set at 50 to 250°C; and 

the hydrogen refining catalyst comprises a carrier consisting of a silicate and an active species consisting of Pd and 
supported on the carrier. 

[0022] This summary of the invention does not necessarily describe all necessary features so that the invention 
w may also be a sub-combination of these described features. 

[0023] The invention can be more fully understood from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 shows a reaction model of a carbon monoxide oxidizing reaction performed in the presence of the carbon 
is monoxide selective oxidizing catalyst of the present invention; and 

FIG. 2 is a side view showing a reactor used in Example 1 of the present invention. 

[0024] A selective carbon monoxide oxidizing catalyst of the present invention will now be described 
[0025] The selective carbon monoxide oxidizing catalyst of the present invention is capable of selectively oxidizing 
20 CO in a gaseous mixture containing H 2 , CO and an oxidizing agent of 0 2 . The catalyst comprises a carrier and an 
active metal consisting of at least one kind of metal selected from Pt, Pd, Ru, Rh and Ir and supported on said carrier, 
said carrier being a crystalline silicate having the highest to the fifth highest peaks in the powder X-ray diffraction using 
CuKa ray in the lattice spacing of 3.65±0.lA, 3.75±0.1A, 3.85±0.lA, 10.0±0.3A, and 11.2+0.3A, and having the com- 
position represented by formula (1) under a dehydrated state: 

25 

(1±0.B)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes at 
least one element selected from the group consisting of VIII group elements, rare earth elements, Ti> V, Cr, Nb, Sb 
30 and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and the molar 
ratios a, b, c and y are: 0 s a, 0 =s b s 20, a+c=1 , and 1 1 s y a 3000. 

[0026] If the crystalline silicate fails to exhibit peaks at the five lattice spacing in the powder X-ray diffraction using 
a CuKa ray, or if the peaks, even if exhibited, fail to be any of the highest to the fifth highest peaks, it is impossible to 

35 selectively oxidize CO. It is desirable for the crystalline silicate to exhibit the highest to the fifth highest peaks in the pow- 
der X-ray diffraction using a CuKcc ray at the five lattice spacing and to exhibit the sixth highest peak et seq. in the lattice 
spacing of 3.0+0.1 A, 3.3±0.1 A, 4.25±0.1 A, 5.6±0.2A, 6.0+0.2A, and 64+0.2A. It is more desirable for the crystalline sil- 
icate to exhibit the highest to the eleventh highest peaks in the powder X-ray diffraction using a CuKa ray at the eleven 
lattice spacing and exhibit the twelfth highest peak etseq. at the lattice spacing of 3.05±0.lA, 4.6+0.1 A, 5.7±0.2A, and 

40 6.7±0.2A. 

[0027] The selective carbon monoxide oxidizing catalyst of the present invention can be used at 50°C to 250°C 
[0028] The selective carbon monoxide oxidizing catalyst of the present invention is prepared by dipping, for exam- 
ple, the crystalline silicate noted above in an aqueous solution of a salt of the active metal that is to be supported on the 
crystalline silicate carrier so as to permit at least one kind of the active metal selected from Pt, Pd, Ru, Rh and Ir to be 
45 supported on the crystalline silicate by an ion exchange method or an impregnation method. 

[0029] The selective carbon monoxide oxidizing catalyst of the present invention can be used as it is in the form of 
a powder or can be held on a porous support. 

[0030] The selective carbon monoxide oxidizing catalyst of the present invention is capable of selectively oxidizing 
CO contained in a gaseous mixture containing H 2 , CO and an oxidizing agent of 0 2 . The mechanism of the selective 

50 carbon monoxide oxidation is considered to be as follows. 

[0031] Specifically, the particular crystalline silicate specified in the present invention is hydrophobic so as to be 
unlikely to be affected by water that is present together, has a strong charge density distribution, and has fine pores 
sized about 6A and, thus, adapted for the CO adsorption. As a result, the crystalline silicate specified in the present 
invention is capable of selectively adsorbing a polar substance of CO. It should also be noted that any of Pt, Pd, Ru, Rh 

55 and Ir supported on the crystalline silicate exhibits a high activity so as to adsorb 0 2 contained in the gaseous mixture. 
As shown in FIG. 1 , carbon monoxide CO adsorbed on, for example, the active metal 2 supported by the crystalline sil- 
icate carrier 1 is oxidized by 0 2 adsorbed on the active metal 2 as denoted by reaction formula (A) given below so as 
to be released from the oxidizing catalyst as C0 2 On the other hand, H 2 in the gaseous mixture is not adsorbed on the 
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crystalline silicate carrier 1 so as to pass through the catalyst bed. It follows that CO of the gaseous mixture containing 
H 2 , 0 2 and CO is selectively oxidized, thereby selectively removing CO from the gaseous mixture containing H 2 , 0 2 and 
CO: 

2CO + 0 2 -> 2C0 2 (A) 

[0032] The selective carbon monoxide removing method of the present invention will now be described. 
[0033] The method of the present invention is featured in that a gaseous mixture containing H 2 , CO and an oxidiz- 
ing agent of 0 2 is brought into contact with the selective carbon monoxide oxidizing catalyst so as to selectively oxidize 
CO and, thus, to remove CO from the gaseous mixture. 

[0034] Since the oxygen gas 0 2 is for oxidizing CO, 0 2 need not be present together with H 2 and CO from the first. 
The method of the present invention covers the case where 0 2 is added to a gaseous mixture containing H 2 and CO, 
followed by bringing the gaseous mixture containing the oxidizing agent of 0 2 into contact with the selective carbon 
monoxide oxidizing catalyst. An 0 2 gas alone can be added as an oxidizing agent. Alternatively, the air can be added 
as a gas containing an oxidizing agent. 

[0035] In the gaseous mixture containing H 2 , CO and 0 2 , it is desirable for the molar ratio of the oxygen (0 2 ) con- 
centration to the carbon monoxide (CO) concentration (0 2 concentration/CO concentration) to fall within a range of 
between 0.5 and 5. If the molar ratio noted above is less than 0.5, it may be difficult to remove CO sufficiently from the 
gaseous mixture. On the other hand, if the molar ratio exceeds 5, the combustion reaction of CO proceeds rapidly. As 
a result, the catalyst temperature tends to be markedly increased by the combustion heat. In this case, the selectivity 
of the selective carbon monoxide oxidizing catalyst tends to be lowered. More preferably, the molar ratio of the oxygen 
concentration to the carbon monoxide concentration should fall within a range of between 0.5 and 3. 
[0036] It is desirable for the carbon monoxide concentration in the gaseous mixture containing H 2 , 0 2 and CO to be 
not higher than 4%. If the carbon monoxide concentration exceeds 4%, the catalyst temperature tends to be markedly 
increased by the combustion heat generated by the combustion reaction of CO. In this case, the selectivity of the selec- 
tive carbon monoxide oxidizing catalyst tends to be lowered. 

[0037] The CO removing step can be performed by preparing a reactor loaded with a catalyst bed containing the 
selective carbon monoxide oxidizing catalyst, followed by circulating a gaseous mixture containing H 2 , CO and an oxi- 
dizing agent of 0 2 through the reactor so as to selectively oxidize CO. 

[0038] It is desirable for the inlet temperature of the catalyst bed to fall within a range of between 50°C and 250°C. 
If the inlet temperature of the catalyst bed fails to fall within the range noted above, the selectivity of the selective carbon 
monoxide oxidizing catalyst is lowered, making it difficult to remove CO sufficiently. It is more desirable for the inlet tem- 
perature of the catalyst bed to fall within a range of between 60°C and 240°C. 

[0039] The method of the present invention can be used for refining a hydrogen-based fuel gas used in, for exam- 
ple, a polymer electrolyte fuel cell. 

[0040] To be more specific, in order to obtain the fuel gas, a hydrogen gas is manufactured by applying a reforming 
reaction such as a steam reforming reaction or a partial oxidation reaction to methanol or hydrocarbons such as gaso- 
line or methane. It should be noted that CO formed by a side reaction is contained in the reformed gas. Carbon mon- 
oxide contained in the reformed gas is removed in two stages In the first stage, the CO concentration is lowered to a 
desired value by, for example, a CO shift reaction. Then, the residual CO is removed by the method of the present inven- 
tion. To be more specific, the air or an oxygen gas is supplied to the gaseous material having the CO concentration low- 
ered to a desired level. Also, the resultant gaseous mixture is introduced into the selective carbon monoxide oxidizing 
catalyst of the present invention. As a result, reaction (A) given below takes place preferentially, though side reactions 
(a) to (c) given below also take place, so as to obtain a fuel gas for a polymer electrolyte fuel cell containing hydrogen 
as a main component and having CO removed to a desired level, e.g., 50 ppm or less: 

2CO + 0 2 ->2C0 2 (A) 

2H 2 + 0 2 -> 2H 2 0 (side reaction (a)) 

C0 2 + H 2 -> CO + H 2 0 (side reaction (b)) 

CO + 3H 2 -> CH 4 + H 2 0 (side reaction (c)) 

[0041] As described previously, the selective carbon monoxide oxidizing catalyst of the present invention can per- 
form its function at 50 to 250°C and, thus, the refined gas can be used without heat exchange operation as a fuel gas 
for a polymer electrolyte fuel cell operating at about 80°C, making it possible to simplify the manufacture of the fuel gas 
for a polymer electrolyte fuel cell. 
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[0042] A hydrogen refining catalyst of the present invention will now be described. 

[0043] The hydrogen refining catalyst of the present invention (hereinafter referred to as a "first hydrogen refining 
catalyst"), comprises a carrier and an active species supported on said carrier said carrier being a crystalline silicate 
having the highest to the fifth highest peaks in the powder X-ray diffraction using CuKa ray in the lattice spacing of 
5 3.65±0.lA, 3.75±0.lA, 3.85±0.lA, 10.CtO.3A, and 11.2+0.3A, and having the composition represented by formula (1) 
given previously under a dehydrated state. The catalyst is capable of selectively oxidizing CO and CH 3 OH contained in 
a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 . 

[0044] if the crystalline silicate fails to exhibit peaks at the five lattice spacing in the powder X-ray diffraction using 
a CuKa ray, or if the peaks, even if exhibited, fail to be any of the highest to the fifth highest peaks, it is impossible to 

10 selectively oxidize CO and CH 3 OH. It is desirable for the crystalline silicate to exhibit the highest to the fifth highest 
peaks in the powder X-ray diffraction using a CuKoc ray at the five lattice spacing and to exhibit the sixth highest peak 
et seq. in the lattice spacing of 3.0±0.lA, 3.3±0.lA, 4.25±0. 1 A, 5.6±0.2A, 6.0±0.2A, and 6.4±0.2A. It is more desirable 
for the crystalline silicate to exhibit the highest to the eleventh highest peaks in the powder X-ray diffraction using a 
CuKa ray at the eleven lattice spacing and exhibit the twelfth highest peak et seq. peaks at the lattice spacing of 

15 3.05±0.1A, 4.6±0 1A, 5.7±0.2A, and 6.7±0.2A. 

[0045] It is desirable for the active species supported on the carrier to include at least one metal selected from Pt, 
Pd, Ru, Rh and Ir Particularly, Pd is preferred as an active species because Pd permits improving the methanol oxidiz- 
ing capability, compared with Pt used as an active species. 

[0046] The hydrogen refining catalyst according to another embodiment of the present invention (hereinafter 
20 referred to as a "second hydrogen refining catalyst") comprises a silicate used as a carrier and Pd used as an active 
species and supported on the carrier. The second hydrogen refining catalyst of the present invention is capable of 
selectively oxidizing CO and CH 3 OH contained in a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent 
of 0 2 . 

[0047] The silicate used as the carrier is a salt consisting of silicon dioxide (Si0 2 ) and a metal oxide, and includes, 

25 for example, Y-type zeolite, A-type zeolite, mordenite, and the crystalline silicate referred to previously. At least one kind 
of the silicate selected from among those exemplified above can be used as a carrier of the hydrogen refining catalyst. 
[0048] The hydrogen refining method of the present invention is featured in that a gaseous mixture (or a raw mate- 
rial gas) containing H 2 , CO, CH 3 OH and 0 2 is brought into contact with the first or second hydrogen refining catalyst so 
as to selectively oxidize CO and CH 3 OH and, thus, to remove CO and CH 3 OH from the gaseous mixture, 

30 [0049] The oxygen gas (0 2 ) contained in the raw material gas is for oxidizing CO and CH 3 OH and, thus, need not 
be present in the raw material gas together with H 2 , CO and CH 3 OH from the first. The method of the present invention 
covers the case where an oxidizing agent of 0 2 is added to a raw material gas containing H 2 , CO and CH 3 OH, followed 
by bringing the resultant gaseous mixture into contact with the first or second hydrogen refining catalyst. A oxygen gas 
alone can be used as the oxidizing agent. Alternatively, the air can be added as a gas containing an oxidizing agent. 

35 [0050] The molar amount of the 0 2 gas contained in the raw material gas should desirably be 0.5 to 20 times as 
much as the total molar amount of CO and CH 3 OH. If the molar amount of the 0 2 gas is less than 0 5 times as much 
as the total molar amount noted above, it is difficult to achieve a sufficiently high removal rate of CO and CH 3 OH. On 
the other hand, if the molar amount of the 0 2 gas is larger than 20 times as much as the total amount noted above, the 
combustion reactions of CO and CH 3 OH take place rapidly. As a result, the catalyst temperature tends to be markedly 

40 elevated by the combustion heat. It follows that the carbon monoxide selectivity and the methanol selectivity of the cat- 
alyst tend to be lowered. The molar amount of the 0 2 gas contained in the raw material gas should more desirably be 
1 .5 to 3 times as much as the total molar amount of CO and CH 3 OH. 

[0051] It is desirable for the CO concentration in the raw material gas to be not higher than 4%. If the CO concen- 
tration exceeds 4%, the catalyst temperature tends to be markedly elevated by the combustion heat generated by the 
45 combustion reaction of CO. As a result, the carbon monoxide selectivity and the methanol selectivity of the catalyst tend 
to be lowered. 

[0052] It is desirable for the CH 3 OH concentration in the raw material gas to be not higher than 2%. if the CH 3 OH 
concentration exceeds 2%, the catalyst temperature tends to be markedly elevated by the combustion heat generated 
by the combustion reaction of CH 3 OH. As a result, the carbon monoxide selectivity and the methanol selectivity of the 

50 catalyst tend to be lowered. 

[0053] The removing step of CO and CH 3 OH can be performed by preparing a reactor loaded with a catalyst bed 
containing the first or second hydrogen refining catalyst, followed by circulating a raw material gas containing H 2 , CO, 
CH 3 OH and an oxidizing agent of 0 2 through the reactor so as to selectively oxidize CO and CH 3 OH. 
[0054] The inlet temperature of the catalyst bed should desirably fall within a range of between 50°C and 250°C. If 

55 the inlet temperature of the catalyst bed fails to fall within the range noted above, the carbon monoxide selectivity and 
the methanol selectivity of the catalyst tend to be lowered, making it difficult to achieve a sufficiently high removal rate 
of CO and CH 3 OH. More preferably, the inlet temperature of the catalyst bed should desirably fall within a range of 
between 60 C C and 240 3 C. 
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[0055] The first hydrogen refining catalyst of the present invention described above comprises a carrier and an 
active species supported on the carrier, the carrier being a crystalline silicate having the highest to the fifth highest 
peaks in the powder X-ray diffraction using CuKa ray in the lattice spacing of 3.65+0.1 A, 3.75±0.lA, 3.85+0.1 A, 
1 0.CH0.3A, and 1 1 .2+0. 3A, and having the composition represented by formula (1 ) given previously under a dehydrated 
5 state. The crystalline silicate has a porous structure having pores sized about 6A, which is adapted for adsorbing CO 
and CH 3 OH. Therefore, the crystalline silicate is capable of selectively adsorbing CO and CH 3 OH contained in the raw 
material gas containing H 2 , 0 2 , CO and CH 3 OH. It follows that CO and CH 3 OH can be removed without decreasing the 
hydrogen amount. Incidentally, CO and CH 3 OH are oxidized by the oxidizing reactions denoted by formulas (B) and (C) 
given below, respectively: 

10 

CO + 1/20 2 C0 2 (B) 

CH3OH + 1/2 2 -> C0 2 +■ H 2 0 (C) 

15 [0056] In the first hydrogen refining catalyst of the present invention, at least one metal selected from Pt, Pd, Ru, 
Rh and Ir is used as an active species. In this case, the 0 2 adsorbing capability of the active species is improved so as 
to further improve the carbon monoxide selectivity and the methanol selectivity of the catalyst. 

[0057] In the raw material gas which contains H 2 , 0 2 , CO and CH 3 OH ; the molar amount of the 0 2 gas is set 0.5 
to 20 times as much as the molar amount of the sum of CO and CH 3 OH. In this case, the amount of 0 2 required for the 
20 oxidation is ensured. At the same time, it is possible to suppress the temperature elevation of the catalyst. It follows that 
it is possible to further improve the removal rate of CO and CH 3 OH. 

[0058] The second hydrogen refining catalyst of the present invention comprises a carrier consisting of a silicate 
and an active species consisting of Pd and supported on the carrier. Since the second hydrogen refining catalyst exhib- 
its a high methanol oxidizing activity, it is possible to allow the oxidizing agent of 0 2 to selectively oxidize CO and 

25 CH3OH contained in the raw material gas containing H 2 , 0 2 , CO and CH 3 OH. 

[0059] In the second hydrogen refining catalyst of the present invention, at least one silicate selected from the 
group consisting of Y-type zeolite, A-type zeolite, mordenite and the crystalline silicate referred to previously is used as 
a carrier. Since the silicate used as the carrier has a porous structure having pores adapted for adsorbing CO and 
CH3OH, i.e., about 5 to 10A, CO and CH 3 OH can be selectively adsorbed. As a result, the selective carbon monoxide 

30 oxidizing activity and the selective methanol oxidizing activity of the catalyst can be improved. It follows that the CO con- 
centration and the CH 3 OH concentration can be further lowered so as to further increase the hydrogen purity of the 
refined gas. 

[0060] In the raw material gas which contains H 2 , 0 2 , CO and CH 3 OH, the molar amount of the 0 2 gas is set 0.5 
to 20 times as much as the molar amount of the sum of CO and CH 3 OH. In this case, the amount of 0 2 required for the 
35 oxidation is ensured. At the same time, it is possible to suppress the temperature elevation of the catalyst. It follows that 
it is possible to further improve the removal rate of CO and CH 3 OH. 

[0061] The first and second hydrogen refining catalysts of the present invention can be used for refining a hydro- 
gen-based raw material gas, which is a fuel gas of a polymer electrolyte fuel cell. In order to obtain the hydrogen-based 
gas, a fuel such as methanol is subjected to, for example, a steam reforming reaction 

40 

(CH3OH + H 2 0 -> C0 2 + 3H 2 ) 

or a partial oxidation reaction so as to obtain a hydrogen gas. If methanol is used as the fuel, the reformed gas obtained 
contains a desired material of a hydrogen gas, a by-product of a carbon monoxide gas and the unreacted methanol. It 
45 should be noted that methanol tends to be decomposed by the platinum catalyst contained in the electrode of the fuel 
cell so as to generate a poisoning material of carbon monoxide. It is possible to obtain a hydrogen-based gas having a 
high purity of hydrogen used as a fuel and low in concentrations of CO and CH 3 OH by adding an oxygen-containing 
gas to the reformed gas and by allowing CO and CH 3 OH contained in the reformed gas to be selectively oxidized in the 
presence of the hydrogen refining catalyst of the present invention. 

50 

Examples: 

[0062] The present invention will now be described more in detail with reference to Examples of the present inven- 
tion. 

55 

Example 1: 

[0063] Water-glass No. 1 (SiO 2 :30%) was dissolved in an amount of 5,61 6g in 5,429g of water to prepare solution 
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A. On the other hand, dissolved in 4,1 75g of water were 71 8.9g of aluminum sulfate, 1 1 0g of ferric chloride, 47.2g of 
calcium acetate, 262g of sodium chloride, and 2,020g of a concentrated hydrochloric acid to prepare solution B. These 
solutions A and B were supplied at predetermined rates into a container to form precipitation, and the mixture was suf- 
ficiently stirred to obtain a slurry having a pH value of 8. The slurry was charged in an amount of 20 liters (L) into an 
5 autoclave, followed by introducing 500g of tetrapropyl ammonium bromide into the autoclave to carry out a hydrother- 
mal synthesis at 1 60 C C for 72 hours. After the synthesis, the reaction mixture was washed with water and, then, dried, 
followed by sintering the mixture at 500 C C for 3 hours so as to obtain crystalline silicate 1 having a composition shown 
in Table 1 under a dehydrated state. 

[0064] A powder X-ray diffraction measurement using CuKa ray was applied to the resultant crystalline silicate 1 to 
w obtain lattice spacing (d vaiue) and relative intensities of the highest peak to the 1 5th highest peak, which are shown in 
Table 2. 

[0065] As apparent from Table 2, the crystalline silicate 1 exhibited in the powder X-ray diffraction using a CuKa ray 
the highest to the fifth highest peaks at the lattice spacing of 3.65±0.lA, 3.75±0.lA, 3.85+0.1 A, 1 0.0+0. 3A, and 
1 1 .2±0.3A, respectively, the sixth highest to the eleventh highest peaks at the lattice spacing of 3.0±0.lA, 3.3±0.1 A, 
15 4.25±0.1 A, 5.6±0.2A, 6.0±0.2A, and 6.4±0.2A, and the twelfth highest to the fifteenth highest peaks at the lattice spac- 
ing of 3.05+0.1 A, 4.6±0.1A, 5.7+0.2A, and 6.7±0.2A, respectively. 

[0066] The crystalline silicate 1 was dipped in a 4N NH 4 CI aqueous solution maintained at 40°C and the solution 
was kept stirred for 3 hours so as to carry out the NH 4 ion exchange. After the ion exchange, the crystalline silicate 1 
was washed and, then, dried at 1 00°C for 24 hours, followed by sintering the crystalline silicate at 400°C for 3 hours so 
20 as to obtain the H-type crystalline silicate 1 . 

[0067] Then, a carrier consisting of 1 00 parts of the H-type crystalline silicate 1 was impregnated with an aqueous 
solution of chloroplatinic acid (H 2 PtCI 6 ) to permit 1 part by weight of platinum to be supported by the crystalline silicate 
1 , followed by evaporating the solvent and subsequently performing calcination at 500°C for 5 hours so as to obtain a 
powdery catalyst 

25 [0068] A binder consisting of 3 parts of alumina sol (AI 2 O 3 :10%) and 55 parts of silica sol (Si0 2 : 20 parts) was 
added to the resultant powdery catalyst together with 200 parts of water, and the aqueous system was sufficiently 
stirred to prepare a slurry for wash coating. Then, a monolithic substrate made of cordierite ceramics and having 400 
cell lattice meshes was dipped in the slurry. After the substrate was taken out of the slurry, the slurry attached to the 
substrate was blown off, followed by drying the substrate at 200°C. The coating amount was 150g per liter of the mon- 

30 olithic substrate, and the coated substrate constituted a honeycomb catalyst 1 . 

Examples 2 to 12: 

[0069] Crystalline silicates 2 to 12 having the compositions as shown in Table 1 under a dehydrated state were pre- 
35 pared as in preparation of honeycomb catalyst 1 described above, except that cobalt chloride, ruthenium chloride, rho- 
dium chloride, lanthanum chloride, cerium chloride, titanium chloride, vanadium chloride, chromium chloride, antimony 
chloride, gallium chloride and niobium chloride were added in place of ferric chloride used in preparation of honeycomb 
catalyst 1 in a molar amount equal to Fe 2 0 3 in terms of oxides. 

[0070] A powder X-ray diffraction measurement using a CuKa ray was applied to each of these crystalline silicates 
40 2 to 12, finding that the lattice spacing and the relative intensities of the highest to the fifteenth highest peaks were as 
shown in Table 2. 

[0071] Then, honeycomb catalysts were prepared from the crystalline silicates 2 to 12 as in preparation of honey- 
comb catalyst 1 described above. 

45 Examples 13 to 15: 

[0072] Crystalline silicates 13 to 15 having the compositions as shown in Table 1 under a dehydrated state were 
prepared as in preparation of honeycomb catalyst 1 described above, except that magnesium acetate, strontium ace- 
tate and barium acetate were added in place of calcium acetate used in preparation of honeycomb catalyst 1 in a molar 
50 amount equal to CaO in terms of oxides. 

[0073] A powder X-ray diffraction measurement using a CuKa ray was applied to each of these crystalline silicates 
13 to 15, finding that the lattice spacing and the relative intensities of the highest to the fifteenth highest peaks were as 
shown in Table 2. 

[0074] Then, honeycomb catalysts were prepared from the crystalline silicates 13 to 15 as in preparation of honey- 
55 comb catalyst 1 described above. 
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Example 16: 

[0075] A carrier consisting of 1 00 parts of an H-type crystalline silicate 1 equal to that described previously in con- 
junction with honeycomb catalyst 1 described previously was impregnated with an aqueous solution of palladium chlo- 
5 ride to permit 1 part by weight of Pd to be supported by the carrier, followed by evaporating the solution and drying the 
carrier impregnated with palladium and subsequently sintering the carrier at 500°C for 5 hours so as to obtain a pow- 
dery catalyst. Further, a honeycomb catalyst 16 was prepared from the powdery catalyst by the method equal to that 
described previously in conjunction with preparation of honeycomb catalyst 1 . 

w Example 17: 

[0076] A carrier consisting of 1 00 parts of an H-type crystalline silicate 1 equal to that described previously m con- 
junction with honeycomb catalyst 1 described previously was impregnated with an aqueous solution of rhodium chloride 
to permit i part by weight of Rh to be supported by the carrier, followed by evaporating the solution and drying the car- 
15 rier impregnated with rhodium and subsequently sintering the carrier at 500°C for 5 hours so as to obtain powdery cat- 
alyst Further, a honeycomb catalyst 1 7 was prepared from the powdery catalyst by the method equal to that described 
previously in conjunction with preparation of honeycomb catalyst 1 . 

Example 18: 

20 

[0077] A carrier consisting of 1 00 parts of an H-type crystalline silicate 1 equal to that described previously m con- 
junction with honeycomb catalyst 1 described previously was impregnated with an aqueous solution of ruthenium chlo- 
ride to permit 1 part by weight of Ru to be supported by the carrier, followed by evaporating the solution and drying the 
carrier impregnated with ruthenium and subsequently sintering the carrier at 500°C for 5 hours so as to obtain powdery 
25 catalyst Further, a honeycomb catalyst 18 was prepared from the powdery catalyst by the method equal to that 
described previously in conjunction with preparation of honeycomb catalyst 1. 

Example 19: 

so [0078] A carrier consisting of 1 00 parts of an H-type crystalline silicate 1 equal to that described previously in con- 
junction with honeycomb catalyst 1 described previously was impregnated with an aqueous solution of iridium chloride 
to permit 1 part by weight of irto be supported by the carrier, followed by evaporating the solution and drying the carrier 
impregnated with iridium and subsequently sintering the carrier at 500°C for 5 hours so as to obtain powdery catalyst. 
Further, a honeycomb catalyst 1 9 was prepared from the powdery catalyst by the method equal to that described pre- 

35 viously in conjunction with preparation of honeycomb catalyst 1. 

Comparative Example 1 : 

[0079] A y-AI 2 0 3 powder having a specific surface area of 200 m 2 /g was impregnated with an aqueous solution of 
40 chloroplatinic acid (H 2 PtCI 6 ) to permit 1 part by weight of platinum to be supported by the alumina powder so as to 
obtain a powdery catalyst. A honeycomb catalyst was prepared from the powdery catalyst by a method similar to the 
method described previously in conjunction with Example 1. 

Comparative Example 2: 

45 

[0080] A 7-AI 2 0 3 powder having a specific surface area of 200 m 2 /g was impregnated with an aqueous solution of 
palladium chloride to permit 1 part by weight of Pd to be supported by the alumina powder so as to obtain a powdery 
catalyst A honeycomb catalyst was prepared from the powdery catalyst by a method similar to the method described 
previously in conjunction with Example 1. 

50 

Comparative Example 3: 

[0081] A y-AI 2 0 3 powder having a specific surface area of 200 m 2 /g was impregnated with an aqueous solution of 
rhodium chloride to permit 1 part by weight of Rh to be supported by the alumina powder so as to obtain a powdery 
55 catalyst A honeycomb catalyst was prepared from the powdery catalyst by a method similar to the method described 
previously in conjunction with Example 1. 
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Comparative Example 4: 

[0082] A y-Al 2 0 3 powder having a specific surface area of 200 m 2 /g was impregnated with an aqueous solution of 
ruthenium chloride to permit 1 part by weight of Ru to be supported by the alumina powder so as to obtain a powdery 
5 catalyst. A honeycomb catalyst was prepared from the powdery catalyst by a method similar to the method described 
previously in conjunction with Example 1 . 



Comparative Example 5: 

w [0083] A y-AI 2 0 3 powder having a specific surface area of 200 m 2 /g was impregnated with an aqueous solution of 
iridium chloride to permit 1 part by weight of Ir to be supported by the alumina powder so as to obtain a powdery cata- 
lyst. A honeycomb catalyst was prepared from the powdery catalyst by a method similar to the method described pre- 
viously in conjunction with Example t . 



Table 1 





Active 
metal 


Numberof H-type 
crystalline silicate 


Composition in dehydrated state of crystalline silicate or 
composition of carrier 


Example 1 


Pt 


1 


0.5Na 2 O • 0 5H 2 O[0.2Fe 2 O 3 • 0,8AI 2 O 3 • 0.2CaO]25SiO 2 


Example 2 


Pt 


2 


0,5Na 2 O * 0.5H 2 O[0.2Co 2 O 3 • 0 8AI 2 0 3 • 0.2CaO]25SiO 2 


Example 3 


Pt 


3 


0 5Na 2 0 • 0.5H 2 O[0.2Ru 2 O 3 • 0 8AI 2 0 3 • 0 2CaO]25Si0 2 


Example 4 


Pt 


4 


0 5Na ? 0 • 0 5HoO[0.2RhoOo • 0 8AI ? 0 3 • 0.2CaO]25SiO ? 


Example 5 


Pt 


5 


0.5Na 2 O • 0,5H 2 O[0.2La 2 O 3 • 0,8AI 2 O 3 • 0.2CaO]25SiO 2 


Example 6 


Pt 


6 


0.5Na P O • 0 5H ? O[0,2Ce 2 O 3 • 0 8AI 2 0 3 • 0.2CaO]25SiO 2 


Example 7 


Pt 


7 


0.5Na 2 O • 0.5H 2 O[0.2Ti 2 O 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 


Example 8 


Pt 


8 


0.5Na 2 O • 0.5H 2 O[0.2V 2 O 3 • 0.8Al 2 O 3 • 0.2CaO]25SiO 2 


Example 9 


Pt 


9 


0.5Na 2 O • 0.5H 2 O[0 2Cr 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 


Example 10 


Pt 


10 


0 5Na 2 0 • 0.5H 2 O[0 2Sb 2 0 3 • 0 8At 2 0 3 • 0.2CaO]25SiO 2 


Example 1 1 


Pt 


11 


0.5Na 2 O • 0 5H 2 O[0 2Ga 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 


Example 12 


Pt 


12 


0 5Na 2 0 • 0 5H 2 O[0 2Nb 2 0 3 • 0 8AI 2 0 3 • 0.2CaO]25SiO 2 


Example 13 


Pt 


13 


0.5Na 2 O • 0 5H 2 O[0 2Fe 2 0 3 • 0.8AI 2 O 3 • 0.2MgO]25SiO 2 


Example 14 


Pt 


14 


0.5Na 2 O • 0.5H 2 O[0.2Fe 2 O 3 • 0.8AI 2 O 3 • 0.2SrO]25SiO 2 


Example 15 


Pt 


15 


0.5Na 2 O • 0.5H 2 O[0 2Fe 2 0 3 • 0 8AI 2 0 3 • 0 2BaO]25Si0 2 


Example 16 


Pd 


1 


0 5Na 2 0 • 0.5H 2 O[0 2Fe 2 0 3 - 0 8AI 2 0 3 * 0 2CaO]25Si0 2 


Example 1 7 


Rh 


1 


0 5Na 2 0 • 0,5H 2 O[0 2Fe 2 0 3 • 0 8Ai 2 0 3 • 0.2CaO]25SiO 2 


Example 1 8 


Ru 


1 


0 5Na 2 0 • 0.5H 2 O[0.2Fe 2 O 3 • 0 8AI 2 0 3 • 0 2CaO]25Si0 2 


Example 1 9 


Ir 


1 


0 5Na 2 0 • 0.5H 2 O[0.2Fe 2 O 3 • 0 8AI 2 0 3 • 0 2CaO]25Si0 2 


Comparative Example 1 


Pt 




Al 2 0 3 


Comparative Example 2 


Pd 




Al 2 0 3 


Comparative Example 3 


Rh 




Al 2 0 3 


Comparative Example 4 


Ru 




Al 2 0 3 


Comparative Example 5 


Ir 




AI 2 Q 3 
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Table 2 



5 



10 



Lattice spacing (d value) 


Relative intensity 


1 1 .2+0.3 


VS 


10.0±0.3 


vs 


6.7±0 2 


w 


6.4±0 2 


M 


6.0+0.2 


M 


5.7±0 2 


w 


5.6+0 2 


M 


4.DTU. I 


\A/ 
W 


4.25+0.1 


M 


3.85±0.1 


VS 


3.75±0.1 


S 


3.65±0.1 


S 


3.3±0 1 


M 


3.05±0.1 


W 


3.0±0 1 


M 



VS: Very strong 
S: strong 
M: medium 

30 W: weak X-ray source: CuKa 



[0084] A CO removal test was conducted by using the honeycomb catalysts prepared in Examples 1 to 19 and 
Comparative Examples 1 to 5 with respect to a gaseous mixture containing 0.3% of CO, 24% of C0 2 , 20% of H 2 0, 0.3% 
35 of 0 2 and 55.4% of H 2 . 

[0085] To be more specific, the honeycomb catalyst 3 was loaded in an amount of 15 cc in the tubular reactor 4, as 
shown in FIG. 2. A sample gas 5 consisting of the gaseous mixture was introduced into the reactor 4 through the inlet 
port 7 on the left side of the catalyst bed consisting of the honeycomb catalyst 3. While passing through the catalyst 
bed, the sample gas was subjected to a carbon monoxide oxidizing reaction, with the result that a refined gas 6 was 

40 taken out through the outlet port on the right side of the catalyst bed. The surface of the honeycomb catalyst 3 was 
coated with carbon monoxide selective oxidizing catalyst. The inlet port 7 of the catalyst bed was the porous surface of 
the honeycomb catalyst 3. GHSV (gas hourly space velocity) was set at 10,000h" 1 (gas amount of 150 NLVh). The inlet 
temperature of the catalyst bed was changed for the CO removal test. Specifically, the CO removal test was conducted 
under the inlet temperature of the catalyst bed set at50°C, 80°C, 110°C, 140°C, 170°C, 200°C or250°C. Further, during 

45 the CO removal test, the CO concentration at the outlet port of the catalyst bed was continuously monitored by a CO 
meter of ND-IR type. The CO concentration was measured when the CO concentration was stabilized. Table 3 shows 
the CO concentration thus measured. 



Table 3 





Active metal 


Co concentration at outlet port of catalyst bed at various inlet 
temperature of catalyst bed (ppm) 






50°C 


80°C 


110°C 


140°C 


170°C 


200°C 


250°C 


Example 1 


Pt 


28 


15 


8 


17 


70 


300 


1500 


Example 2 


Pt 


26 


13 


7 


15 


65 


290 


1400 
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Table 3 (continued) 





Active metal 


Co concentration at outlet port of catalyst bed at various inlet 
temperature of catalyst bed (ppm) 






50 C C 


80 C C 


1 10 C C 


140 C C 


170°C 


200 C C 


250°C 


Example 3 


Pt 


23 


1 1 


6 


13 


49 


270 


1 320 


Example 4 


Pt 


20 


10 


6 


12 


35 


290 


1200 


Example 5 


Pt 


23 


11 


9 


16 


34 


350 


1 100 


Example 6 


Pt 


21 


10 


7 


15 


47 


290 


1400 


Example 7 


Pt 


22 


11 


8 


14 


45 


300 


1500 


Example 8 


Pt 


23 


10 


6 


13 


39 


290 


1700 


Example 9 


Pt 


21 


10 


7 


14 


45 


300 


1800 


Example 10 


Pt 


20 


9 


6 


14 


29 


280 


1700 


Example 1 1 


Pt 


19 


12 


8 


15 


36 


280 


1700 


Example 12 


Pt 


22 


14 


7 


14 


43 


280 


1600 


Example 13 


Pt 


21 


15 


8 


15 


42 


290 


1600 


Example 14 


Pt 


23 


16 


7 


14 


42 


280 


1600 


Example 15 


Pt 


22 


14 


7 


13 


38 


250 


1500 


Example 16 


Pd 


45 


26 


15 


20 


39 


300 


2000 


Example 17 


Rh 


100 


45 


19 


15 


15 


190 


700 


Example 18 


Ru 


120 


29 


20 


10 


6 


14 


66 


Example 19 


Ir 


60 


30 


12 


10 


18 


80 


290 


Comparative Example 1 


Pt 


1200 


1600 


1700 


1800 


1900 


2500 


2900 


Comparative Example 2 


Pd 


1500 


1400 


1000 


1300 


1600 


2200 


2800 


Comparative Example 3 


Rh 


2300 


2000 


1900 


1600 


1500 


2000 


2500 


Comparative Example 4 


Ru 


2400 


2300 


1800 


1600 


1400 


2000 


2300 


Comparative Example 5 


Ir 


2200 


2100 


2000 


2000 


2200 


2300 


2400 



[0086] As apparent from Table 3, the honeycomb catalysts of Examples 1 to 1 9 permit lowering the CO concentra- 
40 tion at the outlet port of the catalyst bed, compared with the honeycomb catalysts of Comparative Examples 1 to 5. 

Table 3 also shows that the honeycomb catalysts of Examples 1 to 1 9 permit lowering the CO concentration at the outlet 

port of the catalyst bed to 50 ppm or less, if the inlet temperature of the catalyst bed is set at suitable values. 

[0087] It has also been confirmed that the honeycomb catalysts of Examples 1 to 19 are scarcely affected by the 

water concentration and excellent in durability. 
45 [0088] The effects given by the concentration of the oxygen gas added was studied with respect to the honeycomb 

catalysts for Examples 1, 16, 17, 18 and 19 Specifically, four kinds of test gases (i) to (iv) given below were prepared, 

and a CO removal test was conducted for each of these test gases. 

(i) Test gas containing 0.3% of CO, 24% of C0 2 , 20% of H 2 0, 0.15% of 0 2 , and 55.55% of H 2 (molar ratio of 0 2 
so concentration to CO concentration: 0.5); 

(ii) Test gas containing 0.3% of CO, 24% of C0 2 , 20% of H 2 0, 0.3% of 0 2 , and 55.4% of H 2 (molar ratio of 0 2 con- 
centration to CO concentration: 1 .0); 

(iii) Test gas containing 0.3% of CO, 24% of C0 2 , 20% of H 2 0, 0.5% of 0 2 , and 55.2% of H 2 (molar ratio of 0 2 con- 
centration to CO concentration: 1 .7); 

55 (iv) Test gas containing 0.3% of CO, 24% of C0 2 , 20% of H 2 0, 1 .0% of 0 2 , and 54.7% of H 2 (molar ratio of 0 2 con- 

centration to CO concentration: 3.3); 

[0089] During the CO removal test, the catalyst loading amount in the reactor and GHSV (gas hourly space veloc- 
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ity) were set equal to those in the test described previously Also, the inlet temperatures of the catalyst beds, which were 
found satisfactory in the test described previously, were employed in this test. Table 4 shows the results of the test. 



Table 4 







CO concentration at outlet port of catalyst bed at various molar ratio (0 2 /CO) 


Example 


Active metal 


Inlet temperature of cata- 
lyst bed 


0 2 /CO 0 5 


0 2 /CO 1 .0 


0 2 /CO 1.7 


CVCO 3.3 


1 


Pt 


110°C 


15 


8 


16 


29 


16 


Pd 


110°C 


38 


15 


30 


60 


17 


Rh 


140 C C 


41 


13 


28 


50 


18 


Ru 


170°C 


22 


6 


14 


60 


19 


Ir 


140°C 


23 


10 


30 


50 



[0090] As apparent from Table 4, the honeycomb catalysts for Examples 1, 16, 17, 18 and 19 make it possible to 
20 lower the carbon monoxide concentration at the outlet port of the catalyst bed to 60 ppm or less if the molar ratio of the 
0 2 concentration to the CO concentration is set at 5 or less. 

[0091] Further, the effects given by the CO concentration was studied with respect to the honeycomb catalyst for 
Example 1 . Specifically, five kinds of test gases (1) to (5) given below were prepared and a CO removal test was con- 
ducted for each of these test gases: 

25 

(1 ) Test gas containing 0.3% of CO, 24% of C0 2 , 20% of H 2 0, 0 3% of 0 2 , and 55.4% of H 2 ; 

(2) Test gas containing 0.6% of CO, 24% of C0 2 , 20% of H 2 0, 0 6% of 0 2 , and 54.8% of H 2 ; 

(3) Test gas containing 1 .0% of CO, 24% of C0 2 , 20% of H 2 0, 1 .0% of 0 2 , and 54% of H 2 ; 

(4) Test gas containing 2.0% of CO, 24% of C0 2 , 20% of H 2 0, 2 0% of 0 2 , and 52% of H 2 ; 
30 (5) Test gas containing 4.0% of CO, 24% of C0 2 , 20% of H 2 0, 4 0% of 0 2 , and 48% of H 2 . 

[0092] In each of test gases (1) to (5), the molar ratio of the 0 2 concentration to the CO concentration was set at 1. 
[0093] During the CO removal test, the catalyst loading amount in the reactor and GHSV (gas hourly space veloc- 
ity) were set as in the test described previously. Also, the inlet temperature of the catalyst bed was set at 110°C or 
35 140°C. Table 5 shows the results. 



Table 5 



40 




Co concentration (ppm) at outlet port of catalyst bed 




Inlet CO con- 
centration of the 
catalyst bed 

0.3% 


Inlet CO concen- 
tration of the cat- 
alyst bed 0.6% 


Inlet CO concen- 
tration of the cat- 
alyst bed 1.0% 


Inlet CO concen- 
tration of the cat- 
alyst bed 2.0% 


Inlet CO concen- 
tration of the cat- 
alyst bed 4.0% 


45 


Inlet tempera- 
ture of the cata- 
lyst bed 11 0°C 


8 ppm 


8 ppm 


1 1 ppm 


13 ppm 


15 ppm 


50 


Inlet tempera- 
ture of the cata- 
lyst bed 140°C 


17 ppm 


19 ppm 


21 ppm 


23 ppm 


24 ppm 



[0094] As apparent from Table 5, the honeycomb catalyst prepared in Example 1 made it possible to lower the car- 
bon monoxide concentration at the inlet of the catalyst bed (carbon monoxide concentration of the test gas), which was 
55 set at 0.3 to 4.0%, to 30 ppm or lower at the outlet port of the catalyst bed. Example 20 

[0095] Water-glass No. 1 (SiO 2 :30%) was dissolved in an amount of 5,61 6g in 5,429g of water to prepare solution 
A. On the other hand, dissolved in 4,1 75g of water were 718.9g of aluminum sulfate, 1 1 0g of ferric chloride, 47. 2g of 
calcium acetate, 262g of sodium chloride, and 2,020g of a concentrated hydrochloric acid to prepare solution B. These 
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solutions A and B were supplied at predetermined rates into a container to form precipitation, and the mixture was suf- 
ficiently stirred to obtain a slurry having a pH value of 8. The slurry was charged in an amount of 20 liters (L) into an 
autoclave, followed by introducing 500g of tetrapropyl ammonium bromide into the autoclave to carry out a hydrother- 
mal synthesis at 160 C C for 72 hours. After the synthesis, the reaction mixture was washed with water and, then, dried, 
5 followed by sintering the mixture at 500 C C for 3 hours so as to obtain crystalline silicate 1 having a composition shown 
in Table 6 under a dehydrated state. 

[0096] A powder X-ray diffraction measurement using CuKnt ray was applied to the resultant crystalline silicate 1 to 
obtain lattice spacing (d value) and relative intensities of the highest peak to the 1 5th highest peak, which are shown in 
Table 2 referred to previously. 

w [0097] The crystalline silicate 1 was dipped in a 4N NH 4 CI aqueous solution maintained at 40°C and the solution 
was kept stirred for 3 hours so as to carry out the NH 4 ion exchange. After the ion exchange, the crystalline silicate 1 
was washed and, then, dried at 1 00°C for 24 hours, followed by sintering the crystalline silicate at 400°C for 3 hours so 
as to obtain an H-type crystalline silicate 1 . 

[0098] Then, a carrier consisting of 1 00 parts of the H-type crystalline silicate 1 was impregnated with an aqueous 
15 solution of chloroplatinic acid (H 2 PtCI 6 ) to permit 1 part by weight of platinum to be supported by the crystalline silicate 
1 , followed by evaporating the solvent and subsequently performing sintering at 500°C for 5 hours so as to obtain a pow- 
dery catalyst. 

[0099] A binder consisting of 3 parts of alumina sol (AI 2 O 3 :10%) and 55 parts of silica sol (Si0 2 : 20 parts) was 
added to the resultant powdery catalyst together with 200 parts of water, and the aqueous system was sufficiently 
20 stirred to prepare a slurry for wash coating. Then, a monolithic substrate made of cordierite ceramics and having 400 
cell lattice meshes was dipped in the slurry. After the substrate was taken out of the slurry, the slurry attached to the 
substrate was blown off, followed by drying the substrate at 200 C C. The coating amount was 1 0Og per liter of the mon- 
olithic substrate, and the coated substrate constituted a honeycomb catalyst of Example 20. 

25 Examples 21 to 31 : 

[0100] Crystalline silicates 2 to 12 having the compositions as shown in Table 6 under a dehydrated state were pre- 
pared as in preparation of honeycomb catalyst for Example 20, except that cobalt chloride, ruthenium chloride, rhodium 
chloride, lanthanum chloride, cerium chloride, titanium chloride, vanadium chloride, chromium chloride, antimony chlo- 
30 ride, gallium chloride and niobium chloride were added in place of ferric chloride used in preparation of honeycomb cat- 
alyst for Example 20 in a molar amount equal to Fe 2 0 3 in terms of oxides. 

[0101] A powder X-ray diffraction measurement using a CuKa ray was applied to each of these crystalline silicates 
2 to 12, finding that the lattice spacing and the relative intensities of the highest to the fifteenth highest peaks were as 
shown in Table 2 referred to previously. Then, honeycomb catalysts were prepared from the crystalline silicates 2 to 1 2 
35 as in preparation of honeycomb catalyst for Example 20 described above. 

Examples 32 to 34 

[0102] Crystalline silicates 13 to 15 having the compositions as shown in Table 6 under a dehydrated state were 
40 prepared as in preparation of honeycomb catalyst for Example 20, except that magnesium acetate, strontium acetate 
and barium acetate were added in place of calcium acetate used in preparation of the honeycomb catalyst in Example 
20 in a molar amount equal to CaO in terms of oxides. 

[0103] A powder X-ray diffraction measurement using a CuKa ray was applied to each of these crystalline silicates 
13 to 15, finding that the lattice spacing and the relative intensities of the highest to the fifteenth highest peaks were as 
45 shown in Table 2 referred to previously. Then, honeycomb catalysts were prepared from the crystalline silicates 13 to 
15 as in preparation of honeycomb catalyst for Example 20 described above. 

Example 35: 

50 [0104] A honeycomb catalyst was prepared as in Example 20, except that palladium chloride was used for the syn- 
thesis of the powdery catalyst in place of chloroplatinic acid used in Example 20. 

Examples 36 to 39: 

55 [0105] A honeycomb catalyst was prepared as in Example 20, except that palladium chloride, rhodium chloride, 
ruthenium chloride or iridium chloride was used for the synthesis of the powdery catalyst in place of chloroplatinic acid 
used in Example 20. 
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Example 40: 

[0106] A carrier consisting of 1 00 parts of an H-type Y-zeolite (molar ratio of Si0 2 to Al 2 0 3 being 5.2) was impreg- 
nated with an aqueous solution of palladium chloride to permit 1 part by weight of Pd to be supported by the carrier, 
s followed by evaporating the solvent and drying the carrier impregnated with palladium and subsequently sintering the 
carrier at 500°C for 5 hours so as to obtain a powdery catalyst. Further, a honeycomb catalyst was prepared from the 
powdery catalyst as m Example 20. 

Example 41 : 

w 

[0107] A carrier consisting of 1 00 parts of a Ca-type A-zeolite (molar ratio of Si0 2 to Al 2 0 3 being 0.5) was impreg- 
nated with an aqueous solution of palladium chloride to permit 1 part by weight of Pd to be supported by the carrier, 
followed by evaporating the solvent and drying the carrier impregnated with palladium and subsequently sintering the 
carrier at 500°C for 5 hours so as to obtain a powdery catalyst. Further, a honeycomb catalyst was prepared from the 
15 powdery catalyst as in Example 20. 

Example 42: 

[0108] A carrier consisting of 1 00 parts of a H-type mordenite (molar ratio of Si0 2 to Al 2 0 3 being 1 0) was impreg- 
20 nated with an aqueous solution of palladium chloride to permit 1 part by weight of Pd to be supported by the carrier, 
followed by evaporating the solvent and drying the carrier impregnated with palladium and subsequently sintering the 
carrier at 500°C for 5 hours so as to obtain a powdery catalyst. Further, a honeycomb catalyst was prepared from the 
powdery catalyst as in Example 20. 

25 Comparative Example 6: 

[0109] An H-type anatase-type Ti0 2 powder was impregnated with an aqueous solution of chloroplatinic acid 
(H 2 PtCI 6 ) to permit 1 part by weight of platinum to be supported by the Ti0 2 powder, followed by evaporating the solvent 
and, then, sintering the Pt-impregnated Ti0 2 powder at 500°C for 5 hours so as to obtain a powdery catalyst. A honey- 
30 comb catalyst was prepared from the powdery catalyst as in Example 20. 

Comparative Example 7; 

[0110] An H-type anatase-type Ti0 2 powder was impregnated with an aqueous solution of palladium chloride to 
35 permit 1 part by weight of Pd metal to be supported by the Ti0 2 powder, followed by evaporating the solvent and, then, 
sintering the Pd-impregnated Ti0 2 powder at 500°C for 5 hours so as to obtain a powdery catalyst. A honeycomb cat- 
alyst was prepared from the powdery catalyst as in Example 20. 

Comparative Example 8: 

40 

[0111] A y-AI 2 0 3 powder was impregnated with an aqueous solution of chloroplatinic acid (H 2 PtCI 6 ) to permit 1 part 
by weight of platinum to be supported by the y-AI 2 0 3 powder, followed by evaporating the solvent and, then, sintering 
the Pt-impregnated y-AI 2 0 3 powder at 500°C for 5 hours so as to obtain a powdery catalyst. A honeycomb catalyst was 
prepared from the powdery catalyst as in Example 20. 

45 

Comparative Example 9: 

[0112] A y-AI 2 0 3 powder was impregnated with an aqueous solution of palladium chloride to permit 1 part by weight 
of Pd to be supported by the y-alumina powder, followed by evaporating the solvent and, then, sintering the Pd-impreg- 
so nated y-AI 2 0 3 powder at 500°C for 5 hours so as to obtain a powdery catalyst. A honeycomb catalyst was prepared 
from the powdery catalyst as in Example 20. 



55 
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Table 6 





List of tested catalysts 


5 


Example No. 


MCLIvc 

metal 


Number of H- Composition of crystalline silicate under type crystalline 
dehydrated state and other carriers used silicate 




20 


Pt 


1 


0 5Na 2 0 * 0 5H 2 O[0 2Fe 2 0 3 • 0 8AI 2 0 3 • 0.2CaO]25SiO 2 


10 


21 


Pt 


2 


0 5Na 2 0 • 0 5H 2 O[0 2Co 2 0 3 • 0.8AI 2 O 3 • 0,2CaO]25SiO 2 


22 


Pt 


3 


0 5Na 2 0 • 0 5H 2 O[0 2Ru 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 




23 


Pt 


4 


0 5Na 2 0 • 0 5H 2 O[0 2Rh 2 0 3 • 0,8AI 2 O 3 • 0.2CaO]25SiO 2 




24 


Pt 


5 


0 5Na 2 0 • 0 5H 2 O[0 2La 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 


15 


25 


Pt 


6 


0.5Na 2 O • 0 5H 2 O[0.2Ce 2 O 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 




26 


Pt 


7 


0 5Na 2 0 • 0 5H 2 O[0 2Ti 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 




27 


Pt 


8 


0 5Na 2 0 • 0 5H 2 O[0 2V 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 


20 


28 


Pt 


9 


0 5Na 2 Q • 0.5H 2 O[0.2Cr 2 O 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 


29 


Pt 


10 


0 5Na 2 Q • 0 5H 2 O[0 2Sb 2 G 3 • 0 ,8AI 2 0 3 • 0.2CaO]25SiO 2 




30 


Pt 


11 


0 5Na 2 0 • 0 5H 2 O[0 2Ga 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 




31 


Pt 


12 


0 5Na 2 0 • 0 5H 2 O[0 2Nb 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SO 2 


25 


32 


Pt 


13 


0 5Na 2 0 • 0 5H 2 O[0 2Fe 2 0 3 • 0 8AI 2 0 3 • 0 2MgO]25Si0 2 




33 


Pt 


14 


0 5Na 2 0 • 0 5H 2 O[0 2Fe 2 0 3 • 0 8AI 2 0 3 • 0 2SrO]25Si0 2 




34 


Pt 


15 


0.5Na 2 O • 0 05H 2 O[0.2Fe 2 O 3 • 0.8AI 2 O 3 • 0.2BaO]25SiO 2 


30 


35 


Per 


1 


0 5Na 2 0 • 0 5H 2 O[0 2Fe 2 0 3 • 0.8AI 2 O 3 • 0 2CaO]25Si0 2 




36 


Pd 




0 5Na 2 0 • 0 5H 2 O[0 2Fe 2 0 3 • 0.8AI 2 O 3 • 0.2CaO]25SiO 2 




37 


Rh 




0 5Na 2 Q • 0 5H 2 O[0 2Fe 2 0 3 • 0 8AI 2 0 3 • 0 2CaO]25Si0 2 




38 


Ru 




0 5Na 2 Q • 0 5H 2 O[0 2Fe 2 0 3 * 0 8AI 2 0 3 • 0 2CaO]25Si0 2 


35 


39 


Ir 




0 5Na 2 0 • 0 5H 2 O[0 2Fe 2 0 3 • 0 8AI 2 0 3 • 0 2CaO]25Si0 2 




40 


Pd 


16 


Y-type zeolite {Si0 2 /Al 2 0 3 molar ratio being 5.2) 




41 


Pd 


18 


A-type zeolite (Si0 2 /Al 2 0 3 molar ratio being 0.5) 


40 


42 


Pd 


17 


Mordenite (Si0 2 /Al 2 0 3 molar ratio being 10) 




Comparative Example 6 


Pt 


20 


Anatase-type Ti0 2 




Comparative Example 7 


Pd 


20 


Anatase-type Ti0 2 




Comparative Example 8 


Pt 


19 


Y-Al 2 0 3 


45 


Comparative Example 9 


Pd 


19 


y-AI 2 0 3 



*Palladium salt used was palladium nitrate 



50 [0113] A test for evaluating the selective combustion activities of carbon monoxide and methanol was conducted by 
loading the honeycomb catalyst prepared in each of Examples 20 to 42 and Comparative Examples 6 to 9 in a cylindri- 
cal reactor and by circulating a gaseous mixture containing carbon monoxide and methanol through the reactor. Table 
8 shows the results. On the other hand, Table 7 shows the loading amount of the catalyst, the inlet temperature of the 
catalyst bed, GHSV, the composition of the gaseous mixture, and the circulating rate of the gaseous mixture. The CO 

55 concentration of the treated gas at the outlet port of the reactor was continuously monitored by a CO meter of ND-IR 
type. Also, the methanol concentration of the treated gas at the outlet port of the reactor was measured by a gas chro- 
matograph of an FID detection type. 
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Table 7 



Test conditions for evaluation of selective combustion activities of carbon monoxide and methanol (condition 1 ) 


Catalyst loading amount in reactor 


30cc 


Inlet temperature of catalyst bed 


70 C C, 100°C or 150°C 


GHSV 


15,0001V 1 


Composition of gaseous mixture 


CO 0.6%, methanol 0.5%, C0 2 24%, H 2 0 20%, 0 2 0.6%, H 2 balance 


Molar amount of 0 2 in gaseous mixture 


1 .5 mol (Total molar amount of CO and methanol is set at 1 ) 


Circulating rate of gaseous mixture 


450 NL/h 



Table 8 



20 


Test conditions for evaluation of selective combustion activities of carbon monoxide and methanol (condition 1) 
Outlet CO concentration and outlet methanol concentration at various inlet temperature of catalyst bed 




Examples 


70°C 


100°C 


150°C 


25 




CO concen- 
tration(ppm) 


methanol con- 
centra- 

uu 1 i^ppr 1 1 j 


CO concentra- 
tion(ppm) 


methanol con- 
centra- 

LiuM^|jprnj 


CO concentra- 
tion(ppm) 


methanol con- 
centra- 

t"l /"S r\ i K> KYA \ 

iiorupprii ) 




20 


38 


55 


7 


16 


13 


1 8 




21 


25 


43 


7 


14 


15 


19 


30 


22 


33 


50 




11 


12 


15 




23 


19 


56 


6 


11 


12 


14 




24 


23 


48 


9 


13 


15 


21 


35 


25 


22 


46 


7 


16 


13 


18 




26 


35 


61 


9 


22 


11 


25 




27 


23 


39 


9 


18 


13 


22 




28 


21 


35 


10 


17 


14 


27 


40 


29 


18 


36 


10 


19 


17 


26 




30 


29 


41 


11 


25 


18 


29 




31 


25 


40 


10 


23 


17 


31 


45 


32 


31 


43 


9 


16 


15 


24 




33 


28 


38 


12 


22 


21 


30 




34 


29 


39 


13 


21 


23 


29 


50 


35 


35 


52 


14 


27 


26 


35 


36 


38 


56 


19 


31 


25 


34 




37 


30 


63 


13 


17 


22 


31 




38 


36 


66 


11 


32 


26 


38 


55 


39 


29 


49 


9 


19 


21 


27 




40 


42 


70 


18 


33 


29 


48 




41 


40 


85 


13 


40 


30 


52 
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Table 8 (continued) 





Test conditions for evaluation of selective combustion activities of carbon monoxide and methanol (condition 1 ) 




Outlet CO concentration and outlet methanol concentration at various inlet temperature of catalyst bed 


5 


Examples 


70 C C 


100 C C 


150°C 






CO concen- 


methanol con- 


CO concentra- 


methanol con- 


CO concentra- 


methanol con- 






tration(ppm) 


centra- 
tion(ppm) 


tion(ppm) 


centra- 
tion(ppm) 


tion(ppm) 


centra- 
tion(ppm) 


10 


42 


45 


90 


16 


56 


35 


78 




Comparative 


110 


660 


95 


325 


125 


420 




Example 6 
















Comparative 


145 


700 


108 


390 


152 


490 


15 


Example 7 
















Comparative 


190 


810 


136 


460 


181 


515 




Example 8 
















Comparative 


540 


1260 


365 


610 


630 


750 


20 


Example 9 















[0114] As apparentfrom Table 8, the catalyst in each of Examples 20 to 39, in which a crystalline silicate having the 
composition denoted by formula (1) under a dehydrated state is used as the carrier, and the catalyst in each of Exam- 
ples 40 to 42, in which Pd is supported on a silicate carrier, were capable of lowering the CO concentration in the gas- 
25 eous mixture to 50 ppm or less and the CH 3 OH concentration to 100 ppm or less in the case where the inlet 
temperature of the catalyst bed was set at 70 to 1 50°C. 

[0115] On the other hand, in the case of using the catalysts prepared in Comparative Examples 6 to 9, in which an 
anatase-type Ti0 2 or Y-AI2O3 was used as a carrier, the CO concentration and the CH 3 OH concentration at the outlet 
port of the reactor were found to be higher than those in the case of using the catalysts prepared in Examples 20 to 42. 

30 [0116] Another test for evaluating the selective combustion activities of carbon monoxide and methanol was con- 
ducted by loading the honeycomb catalyst prepared in each of Examples 20 to 42 and Comparative Examples 6 to 9 in 
a cylindrical reactor and by circulating a gaseous mixture containing carbon monoxide and methanol through the reac- 
tor. Table 10 shows the results. On the other hand, Table 9 shows the loading amount of the catalyst, the inlet temper- 
ature of the catalyst bed, GHSV, the composition of the gaseous mixture, and the circulating rate of the gaseous 

35 mixture. The CO concentration of the treated gas at the outlet port of the reactor was continuously monitored by a CO 
meter of ND-IR type. Also, the methanol concentration of the treated gas at the outlet port of the reactor was measured 
by a gas chromatograph of an FID detection type. 



Table 9 



Test conditions for evaluation of selective combustion activities of carbon monoxide and methanol (condition 2) 


Catalyst loading amount in reactor 


30cc 


Inlet temperature of catalyst bed 


70°C, 100°Cor 150°C 


GHSV 


10,000h 1 


Composition of gaseous mixture 


CO 1%, methanol 1%, C0 2 24%, H 2 0 20%, 0 2 0.6%, H 2 balance 


Molar amount of 0 2 in gaseous mixture 


1 .5 mol (Total molar amount of CO and methanol is set at 1 ) 


Circulating rate of gaseous mixture 


300 NLVh 



55 
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Table 1 0 



5 


Test conditions for evaluation of selective combustion activities of carbon monoxide and methanol (condition 2) 
Outlet Co concentration and outlet methanol concentration at various inlet temperature of catalyst bed 






50°C 


100°C 


150°C 


10 


Examples 


Co concentra- 
tion(ppm) 


methanol 
concentra- 
tion(ppm) 


CO concentra- 
t'ton(ppm) 


methanol con- 
centra- 
tionfppm 1 ) 


CO concentra- 
tion(ppm) 


methanol con- 
centra- 
tion(ppm) 




20 


50 


63 


18 


34 


44 


55 




21 


44 


54 


16 


25 


41 


46 


15 


22 


39 


48 


14 


21 


36 


39 


23 


39 


48 


14 


20 


35 


38 




24 


45 


58 


20 


29 


43 


44 




25 


52 


61 


26 


32 


47 


46 


20 


26 


41 


59 


23 


30 


55 


45 




27 


43 


55 


25 


28 


41 


39 




28 


47 


57 


22 


28 


40 


37 


25 


29 


40 


49 


21 


24 


40 


35 


30 


38 


44 


13 


21 


35 


36 




31 


39 


48 


14 


23 


37 


39 




32 


50 


65 


26 


32 


41 


58 


30 


33 


48 


58 


23 


31 


34 


49 




34 


39 


46 


17 


27 


33 


41 




35 


41 


48 


18 


26 


30 


43 


35 


36 


47 


53 


21 


30 


41 


50 




37 


42 


50 


15 


25 


31 


43 




38 


50 


60 


28 


35 


40 


53 




39 


ou 


CO 
DO 


oo 
oo 


oo 


45 


60 


40 




96 


99 


41 


55 


88 


71 




41 


88 


98 


35 


44 


69 


60 




42 


78 


81 


41 


50 


68 


77 


45 


Comparative 
Example 6 


185 


405 


150 


310 


180 


360 




Comparative 
Example 7 


200 


240 


180 


220 


250 


260 


50 


Comparative 
Example 8 


330 


450 


270 


350 


360 


400 




Comparative 
Example 9 


690 


790 


520 


690 


600 


750 



55 

[0117] As apparent from Table 10, the catalyst in each of Examples 20 to 39, in which a crystalline silicate having 
the composition denoted by formula (1) under a dehydrated state was used as the carrier, and the catalyst in each of 
Examples 40 to 42, in which Pd was supported on a silicate carrier, were capable of more lowering the CO concentra- 
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tion and the CH 3 OH concentration in the gaseous mixture than the catalyst in each of Comparative Examples 6 to 9 in 
the case where the inlet temperature of the catalyst bed was set at 70 to 1 50°C. 

[0118] In the Examples described above, the catalyst was of honeycomb structure However, the type of the cata- 
lyst is not particularly limited in the present invention. For example, the catalyst may be of tablet type or of Raschig ring 
5 type. 

[0119] As described above in detail, the present invention provides a selective carbon monoxide oxidizing catalyst 
capable of selectively oxidizing CO of a gaseous mixture containing H 2 , CO and an oxidizing agent of 0 2 and a method 
of selectively removing carbon monoxide capable of selectively removing CO from a gaseous mixture containing H 2 , 
CO and an oxidizing agent of 0 2 . 
10 [0120] The present invention also provides a hydrogen refining catalyst capable of selectively oxidizing CO and 
CH 3 OH of a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 and exhibiting an improved 
selective oxidizing capability and a method of selectively oxidizing and removing CO and CH 3 OH from a gaseous mix- 
ture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 and exhibiting an improved removal rate. 

15 Claims 

1 . A selective carbon monoxide oxidizing catalyst capable of selectively oxidizing CO contained in a gaseous mixture 
containing H 2 , CO and an oxidizing agent of 0 2 , comprising a carrier and an active metal (2) consisting of at least 
one kind of metal selected from the group consisting of Pt, Pd, Ru, Rh and Ir and supported on said carrier, said 

20 carrier being a crystalline silicate (1) having the highest to the fifth highest peaks in the powder X-ray diffraction 
using CuKcc ray in the lattice spacing of 3.6510.1 A, 3.75±0.lA ( 3.8510.1 A, 10.010.3A, and 11.210.3A, and said 
crystalline silicate (1) having the composition represented by formula (1) under a dehydrated state: 

(1±0.8)R 2 O * [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

25 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes 
at least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, 
Nb, Sb and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and 
the molar ratios a, b, c and y are: 0 s a, 0 s b i 20, a+c=1 , and 11 sys 3000. 

30 

2. The selective carbon monoxide oxidizing catalyst according to claim 1 , characterized in that said crystalline silicate 
(1) exhibits the highest to the eleventh highest peaks in the powder X-ray diffraction using CuKct ray in the lattice 
spacing of 3.0±0.lA, 3.310. lA, 3.65zn0.lA, 3.75+0.1 A, and 3.85i0.lA, 4.25+0.1 A, 5.6±0.2A, 6.0+0.2A, 6.4+0.2A, 
10.0+0.3A,and 11.210.3A, respectively. 

35 

3. A selective removing method of carbon monoxide, comprising the step of bringing a gaseous mixture containing 
H 2 , CO and an oxidizing agent of 0 2 into contact with a selective oxidizing catalyst of carbon monoxide for selec- 
tively oxidizing and removing CO from said gaseous mixture, said selective oxidizing catalyst of carbon monoxide 
comprising a carrier and an active metal (2) consisting of at least one kind of metal selected from the group con- 

40 sisting of Pt, Pd, Ru, Rh and Ir and supported on said carrier, said carrier being a crystalline silicate (1) having the 
highest to the fifth highest peaks in the powder X-ray diffraction using CuKct ray in the lattice spacing of 3.6510. 1 A, 
3.75±0.lA, 3.85+0.1 A, 10.0+0.3A, and 11.210.3A, and said crystalline silicate (1) having the composition repre- 
sented by formula (1) under a dehydrated state: 

45 (1l0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes 
at least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, 
Nb, Sb and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and 
50 the molar ratios a, b, c and y are: 0 s a, 0 s b s 20, a+c=1 , and 1 1 s y s 3000. 

4. The selective removing method of carbon monoxide according to claim 3, characterized in that the molar ratio of 
the oxygen concentration to the carbon monoxide concentration (0 2 concentration/carbon monoxide concentra- 
tion) in said gaseous mixture falls within a range of between 0.5 and 5. 

55 

5. The selective removing method of carbon monoxide according to claim 3, characterized in that the carbon monox- 
ide concentration in said gaseous mixture is not higher than 4%. 
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6. A selective removing method of carbon monoxide, comprising the steps of 

preparing a reactor (4) loaded with a catalyst bed (3) housing a selective carbon monoxide oxidizing catalyst; 
and 

5 passing a gaseous mixture (5) containing H 2 , CO and an oxidizing agent of 0 2 through said reactor so as to 

selectively oxidize CO and, thus, remove CO from said gaseous mixture, 
wherein: 

the inlet temperature of said catalyst bed is set at 50 to 250°C; and 

said selective carbon monoxide oxidizing catalyst comprises a carrier and an active metal consisting of at least 
w one kind of metal selected from the group consisting of Pt, Pd, Ru, Rh and Ir and supported on said carrier, 

said carrier being a crystalline silicate having the highest to the fifth highest peaks in the powder X-ray diffrac- 
tion using CuKra ray in the lattice spacing of 3.65±0.1 A, 3.75±0.1 A, 3.85±0.1 A, 10.0±0.3A, and 1 1 .2±0.3A, and 
said crystalline silicate having the composition represented by formula (1 ) under a dehydrated state: 

15 (1±0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes 
at least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, 
Nb, Sb and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and 
20 the molar ratios a, b, c and y are: 0 ^ a, 0 s b ^ 20, a+c=1 , and 11 sy< 3000 

7. A hydrogen refining catalyst for selectively oxidizing CO and CH 3 OH contained in a gaseous mixture containing H 2 , 
CO, CH 3 OH and an oxidizing agent of 0 2 , said catalyst comprising a earner and an active species supported on 
said carrier, said carrier being a crystalline silicate having the highest to the fifth highest peaks in the powder X-ray 

25 diffraction using CuKa ray in the lattice spacing of 3.65+0.1 A, 3.75±0.lA, 3.85±0.lA, 10.0+0.3A, and 11.2±0.3A, 

and said crystalline silicate having the composition represented by formula (1) under a dehydrated state: 

(1±0.8)R 2 O • [aM 2 0 3 * bNO • cAI 2 0 3 ] • ySi0 2 (1) 

30 where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes 

at least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, 
Nb, Sb and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and 
the molar ratios a, b, c and y are: 0 s a, 0 s b s 20, a+c=1 , and 11 sy £ 3000 

35 8. The hydrogen refining catalyst according to claim 7, characterized in that said active species consists of at least 
one metal selected from the group consisting of Pt, Pd, Ru, Rh and Ir. 

9. A hydrogen refining catalyst for selectively oxidizing CO and CH 3 OH contained in a gaseous mixture containing H 2 , 
CO, CH 3 OH and an oxidizing agent of 0 2 , comprising a carrier consisting of a silicate and an active species con- 

40 sisting of Pd and supported on said carrier. 

10. The hydrogen refining catalyst according to claim 9, characterized in that said carrier consists of at teast one sili- 
cate selected from the group consisting of Y-type zeolite, A-type zeolite, mordenite and a crystalline silicate, said 
crystalline silicate having the highest to the fifth highest peaks in the powder X-ray diffraction using CuKa ray in the 

45 lattice spacing of 3.65±0.lA, 3.75±0.iA, 3.85±0.lA, 10.0±0.3A, and 11.2±0.3A, and said crystalline silicate having 
the composition represented by formula (1) under a dehydrated state: 

(1±0.8)R 2 O • [aM 2 0 3 • bNO • cAI 2 0 3 ] • ySi0 2 (1) 

50 where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes 

at least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, 
Nb, Sb and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and 
the molar ratios a, b, c and y are 0 s a, 0 s b s 20, a+c-1 , and 11 sy < 3000. 

55 1 1 . A hydrogen refining method, comprising the step of bringing a gaseous mixture containing H 2 , CO, CH 3 OH and an 
oxidizing agent of 0 2 into contact with a hydrogen refining catalyst so as to selectively oxidize and remove CO and 
CH 3 OH from said gaseous mixture, said hydrogen refining catalyst comprising a carrier and an active species sup- 
ported on said carrier, said carrier being a crystalline silicate having the highest to the fifth highest peaks in the 
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powder X-ray diffraction using CuKcc ray in the lattice spacing of 3.65r0.lA, 3.75=0.1 A 3. 85±0.1A, 10.0±0.3A, and 
11.2=0.3A, and said crystalline silicate having the composition represented by formula (1) under a dehydrated 
state: 

5 (1=0.8)R 2 O • [aM 2 0 3 • bNO • cAI ? 0 3 ] • ySi0 2 (1) 

where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes 
at least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, 
Nb, Sb and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and 
w the molar ratios a, b, c and y are: 0 s a, 0 s b ^ 20, a+c=1 , and 1 1 ^ y =i 3000. 

1 2. The hydrogen refining method according to claim 1 1 , characterized in that the molar amount of 0 2 is 0.5 to 20 times 
as large as the total molar amount of CO and CH 3 OH. 

15 13. The hydrogen refining method according to claim 1 1 , characterized in that the carbon monoxide concentration in 
said gaseous mixture is not higher than 4%. 

14. The hydrogen refining method according to claim 1 1 , characterized in that the methanol concentration in said gas- 
eous mixture is not higher than 2%. 

20 

15. A hydrogen refining method, comprising the steps of: 

preparing a reactor loaded with a catalyst bed housing a hydrogen refining catalyst; and 
passing a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 through said reactor so as 
25 to selectively oxidize CO and CH 3 OH, thus, remove CO and CH 3 OH from said gaseous mixture, 

wherein: 

the inlet temperature of said catalyst bed is set at 50 to 250°C; and 

said hydrogen refining catalyst comprises a carrier and an active species supported on said carrier, said carrier 
being a crystalline silicate having the highest to the fifth highest peaks in the powder X-ray diffraction using 
30 CuKaray in the lattice spacing of 3. 65±0.1 A, 3.75+0.1 A, 3.85±0.1 A, 10.0+0.3A, and 11.2±0.3A, and said crys- 

talline silicate having the composition represented by formula (1 ) under a dehydrated state: 

(1±0.8)R 2 O • [aM 2 0 3 • bNO * cAI 2 0 3 ] • ySi0 2 (1) 

35 where R denotes at least one element selected from the group consisting of an alkali metal and H, M denotes 

at least one element selected from the group consisting of VIII group elements, rare earth elements, Ti, V, Cr, 
Nb, Sb and Ga, N denotes at least one element selected from the group consisting of Mg, Ca, Sr, and Ba, and 
the molar ratios a, b, c and y are 0 ^ a, 0 ±= b s 20, a+c=1 , and 11 sys 3000. 

40 16. A hydrogen refining method, comprising the step of bringing a gaseous mixture containing H 2 , CO, CH 3 OH and an 
oxidizing agent of 0 2 into contact with a hydrogen refining catalyst so as to selectively oxidize CO and CH 3 OH, 
thus, remove CO and CH 3 OH from said gaseous mixture, 

wherein said hydrogen refining catalyst comprises a carrier consisting of a silicate and an active species con- 
45 sisting of Pd and supported on said carrier. 

1 7. The hydrogen refining method according to claim 1 6, characterized in that the molar amount of 0 2 is 0.5 to 20 times 
as large as the total molar amount of CO and CH 3 OH. 

so 18. The hydrogen refining method according to claim 16, characterized in that the carbon monoxide concentration in 
said gaseous mixture is not higher than 4%. 

19. The hydrogen refining method according to claim 16, characterized in that the methanol concentration in said gas- 
eous mixture is not higher than 2%. 

55 

20. A hydrogen refining method, comprising the steps of: 

preparing a reactor loaded with a catalyst bed housing a hydrogen refining catalyst; and 
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passing a gaseous mixture containing H 2 , CO, CH 3 OH and an oxidizing agent of 0 2 through said reactor so as 

to selectively oxidize CO and CH 3 OH, thus, remove CO and CH 3 OH from said gaseous mixture, 

wherein 

the inlet temperature of said catalyst bed is set at 50 to 250°C; and 
5 said hydrogen refining catalyst comprises a carrier consisting of a silicate and an active species consisting of 

Pd and supported on said carrier. 
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